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[0001] This application is based on Japanese Patent Application Nos. 2000-306155 filed October 5 2000 and 
2001 -239599 filed August 7, 2001 , the contents of which are incorporated hereinto by reference. 



BACKGROUND OF THE INVENTION 
Field of the Invention 

10 [0002] The present invention relates to a method of modifying or treating a surface of an ophthalmic lens More 
particularly, the present invention is concerned with a method of modifying the ophthalmic lens surface by irradiating 
the ophthalmic lens surface with plasma generated at an atmospheric pressure, for thereby improving the properties 
of the ophthalmic lens surface such as wettability or hydrophilicity. 

'5 Discussion of Related Art 

[0003] For assuring a lens user of excellent wear comfort of an ophthalmic lens such as a contact lens while elimi- 
nating a feeling of discomfort during wear of the ophthalmic lens, various techniques are proposed to modify a surface 
of the ophthalmic lens, for thereby improving wettability of the surface of the ophthalmic lens to attain a high degree 
of compatibility of the lens surface with the tear fluid of the eye, and the cornea surface of the eye. 
[0004] Japanese Patent No. 2846343 discloses a method of giving wettability to a surface of an oxygen permeable 
hard contact lens, by subjecting the contact lens to a high-frequency glow discharge treatment at a reduced pressure 
in an atmosphere which does not include oxygen. JP^-3-220519 discloses a method of improving wettability of a 
contact lens, by first subjecting a contact lens material to a discharge treatment at a normal or reduced pressure to 
generate free radicals on the surface of the contact lens material, and then effecting graft polymerization of N.N-dimeth- 
ylacrylamide on the surface of the contact lens material on which the free radicals are generated. 
[0005] The former method described above wherein the high-frequency glow discharge treatment is effected at a 
reduced pressure in an atmosphere not including oxygen, however, requires steps of replacing the ambient air in a 
container accommodating the contact lens, with the atmosphere which does not includes oxygen, and evacuating the 
container after the contact lens has been accommodated therein. Accordingly, the disclosed method cannot utilize the 
ambient air for modifying the contact lens surface, and has a low degree of working efficiency, undesirably pushing up 
the cost of the surface modification of the contact lens. In the latter method, the contact lens material is initially subjected 
to the discharge treatment, and subsequently to the graft polymerization, so that the process steps for modifying the 
surface of the contact lens material are more complicated than those in the former method. Further, the cost of man- 
ufacture of the contact lens is inevitably increased. 
[0006] It is known that the discharge treatment (plasma treatment) described above assures a sterilizing effect as 
well as improved wettabiliy. JP-A-8-1 56920 discloses a method of sterilizing a subject formed of a synthetic or a natural 
high-molecular material by a glow discharge treatment at an atmospheric pressure while the subject is interposed 
between the electrodes which are opposed to each other. This method attains effective sterilization with respect to 
to bacteria and spores. 

[0007] Even if the above-described sterilizing method is applied to the ophthalmic lens for simultaneously modifying 
and sterilizing the ophthalmic lens surface, it requires a cumbersome step of iteratively disposing the subjects (contact 
lenses) to be treated in a limited space defined by and between the electrodes for effecting the discharge treatment 
on the subjects, making it difficult to modify, in a short period of time, the surfaces of the contact lenses which are 
mass-produced. Further, the above-described sterilizing method may cause insufficient modification of the contact lens 
surfaces since the treatment is effected in the atmosphere between the electrodes. Moreover, the contact lens surfaces 
may not be uniformly modified due to a variation of the density of the plasma gas to which the contact lenses are 
exposed. 

[0008] EP-A-0 758 687 discloses a fixture device for uniformly and efficiently supporting an article to be treated in a 
gaseous treatment atmosphere such as surface treatment of ophthalmic lens in plasma gas to produce less defects 
and product variation featuring a support structure which provides a number of point-contact support locations for an 
article to be treated. These are sufficient to support the article but do not block contact between the article and the 
gaseous atmosphere enough to prevent substantially uniform treatment of the article with the gas. 

55 SUMMARY OF THE INVENTION 

[0009] The present invention was developed in the light of the background art situations described above It is there- 
fore A feature of the present invention to provide a method of modifying a surface of an ophthalmic lens by contacting 
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the surface of the ophthalmic lens with plasma generated at an atmospheric pressure, wherein the ophthalmic lens 
surface can be uniformly modified with high degrees of working efficiency and economy without damaging the oph- 
thalmic lens. 

[0010] According to a first aspect the present invention provides a method of modifying a surface of an ophthalmic 
5 lens, comprising the steps of: generating plasma at an atmospheric pressure between electrodes of a plasma gener- 
ating device; and blowing the plasma from the plasma generating device by introducing a gas between the electrodes, 
so as to irradiate the ophthalmic lens located outside the plasma generating device, with the plasma blown out from 
the plasma generating device for modifying the surface of the ophthalmic lens. 

[0011] In the present method described above, the ophthalmic lens to be treated is disposed outside the electrodes 

io of the plasma generating device, and the plasma generated at an atmospheric pressure between the electrodes is 
forced to be blown onto the ophthalmic lens by introducing a gas between the electrodes. This arrangement eliminates 
the conventionally required cumbersome step of iteratively disposing a predetermined number of ophthalmic lenses 
within a limited space between the electrodes, resulting in a speedy treatment of the ophthalmic lens. Accordingly, the 
present method assures high efficiency and economy in modifying the ophthalmic lens surface. 

15 [001 2] The present method wherein the plasma generated between the electrodes is blown onto the ophthalmic lens 
by the gas introduced between the electrodes is unlikely to suffer from variation in the density of plasma gas blown 
out from the plasma generating device, so that the ophthalmic lens surface can be uniformly modified. 
[0013] In one preferred form of the above second aspect of the invention, the method further comprises a step of 
interposing a plasma control member between the ophthalmic lens and the plasma generating device, and wherein 

20 the plasma is blown onto the ophthalmic lens through at least one opening of the plasma control member. 

[0014] In this arrangement wherein the plasma generated at the atmospheric pressure is blown onto the ophthalmic 
lens through at least one opening of the plasma control member, portions of the plasma contact or collide with the 
plasma control member in the vicinity of the at least one opening before passing through the opening, whereby the 
plasma is blown onto the ophthalmic lens in various directions which include the direction in which the plasma is initially 

25 blown out from a suitable plasma generating device. Since the plasma which has passed through the at least one 
opening of the plasma control member is blown onto the ophthalmic lens in the various directions, the plasma is unlikely 
to concentrate on the peripheral portion (edge portion) of the ophthalmic lens, and arcs tend to generate near the 
plasma control member instead of the edge portion of the ophthalmic lens. Accordingly, the present method prevents 
the edge portion of the ophthalmic lens from suffering from a phenomenon similar to an arc discharge, for thereby 

30 effectively preventing damaging or cracking of the lens body. 

[0015] In the present method wherein the plasma is generated at the atmospheric pressure between the electrodes 
of the plasma generating device and the ophthalmic lens is brought into contact with the plasma, the surface of the 
ophthalmic lens can be modified so as to improve its wettability or hydrophilicity without evacuating the container in 
which the ophthalmic lens is accommodated, for thereby significantly improving the working efficiency while decreasing 

35 a time and a cost required for modifying the ophthalmic lens surface. Further, the present method does not require any 
equipment (e.g., gas conduit and working gas) for replacing the ambient air in the container with a suitable atmosphere, 
resulting in reduction of an equipment cost. 

[0016] In one advantageous mode of the above preferred form of the second aspect of the invention, the plasma 
control member has a matrix of a multiplicity of openings. Preferably, the plasma control member is a network which 

40 has a matrix of a multiplicity of openings each having a size of 0.3-1 5 mm. The network is preferably a wire framework 
consisting of a plurality of wires each having a diameter of 0.1 ~3 mm. Preferably, the plasma control member is a 
planar member which has a matrix of a multiplicity of perforations formed through a thickness thereof. The planar 
member preferably has an opening ratio of 1 5-70 %, and is a sheet member which has perforations formed by punching 
and which has a thickness in a range of 0.1 ~3 mm. 

45 [0017] In another preferred form of the above-described second aspect of the invention, the step of blowing the 
plasma is effected on at least one ophthalmic lens while the at least one ophthalmic lens is moved relative to the plasma 
generating device by a conveyor. According to this arrangement, the at least one ophthalmic lens is continuously moved 
or transferred by the conveyor to the position at which the surface of the ophthalmic lens is modified by the plasma 
blown from the plasma generating device, so that the ophthalmic lens is effectively treated by the plasma, resulting in 

so high working efficiency and economy. 

[0018] In still another preferred form of the above-described second aspect of the invention, the step of blowing the 
plasma is effected while the ophthalmic lens is held by a flexible lens holder. According to this arrangement, the oph- 
thalmic lens is prevented from being blown off by the plasma or protected from deformation due to a strong flow of the 
plasma gas blown out from the plasma generating device, effectively protecting the ophthalmic lens from being dam- 

55 aged. 

[0019] Preferably, the plasma is blown out from the plasma generating device in a direction which is perpendicular 
to an optical axis of the ophthalmic lens, so that the plasma flows laterally of the ophthalmic lens. In this arrangement, 
the entire surface of the ophthalmic lens, e.g., a front and a back surface of the contact lens, is irradiated with the 
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plasma, assuring uniform surface modification of the ophthalmic lens 

[0020] Preferably, the plasma Is blown onto one of opposite surfaces of the ophthalmic lens in a direction parallel to 

ToTn^LT: ° P ? h K alm J C "T ACCOrdin9 10 thiS arran96ment < ° ne 0f °PP° site surfa <- o2S s 
pLrl , A 3 m 3 SUrfaCeS ° f the C ° ntaCt l6nS ' Can be entire| y and unifom| y Eradiated with the plasma 
Preferab y, the plasma .s blown onto opposite surfaces of the ophthalmic lens in opposite directions which are paraTlei 

c boC °' I" 6 TT l l ACCOrdin9 10 thlS arran9em6nt ' the Mhetp S! 

2k? . ♦ T b3Ck SUrfaCeS ° f the COntaCt lens > can be enlire| V and uniformly irradiated with the plasma' 
[0021] 'nyetanotherpreferred^^ 

of the plasma generating device is selected from the group consisting of nitrogen, oxygen, helium neon aton and 
SEE" p J ' H A T a,iVe,y ' atm0S P heric air is P referab 'y Educed between the electrodes " ' 

L„7?L Pr6ferably ' th f 0 P h thalmic lens is irradiated with the plasma for a time period in a range between 0 01 second 
and 180 seconds, and the ophthalmic lens is preferably a contact lens 

Shth^ ? ^° m °' dS ° f 8 m °' d aSSembly ' and the P ,asma is blown °" one of opposite surfaces ofTne 

ophthalmic lens while rt is held by one of the two molds which have been separated away from each other so tha he 

Z iTZZT'V tbe t ° h phthalmic lens which has »-n removed from the otherof the 
wrt he plasma According to this arrangement, a desired one of opposite surfaces of the ophthalmic lens can be 
modified while the ophthalmto lens is held with high stability by one of the two molds °P mnalmic ie » s ™ be 

[0024] Preferably the plasma is generated by a glow discharge. Further, the surface of the ophthalmic lens is pref- 

ZZH T " l ati ° n ° f P ' aSma - Pr6ferab,y ' thG 938 iS introduced between the electrodt of the p asm! 
generating device after the gas is in contact with hydrogen peroxide water. By using the gas which has bee in contact 
wrth hydrogen peroxide water, the ophthalmic lens surface can be effectively steriLd 

ods as descXd^ie Venti ° n " *° * " ° PhthalmiC Wh ° Se SUrfaCe iS m ° dified accordin 9 to the "eth- 

BRIEF DESCRIPTION OF THE DRAWINGS 

ELIS H b< L V l and "I" 9 ' ° bjeCtS ' featUres ' advante 9es and technical and industrial significance of the present 
invention w II be better understood by reading the fo.lowing detailed description of presently preferred embodiment 
of the mvennon, when considered in connection with the accompanying drawings, in which emPodiments 

Fig^l is an elevational view partly in cross section schematically showing a plasma generating device used in 
modtfymg the ophthalmic lens surface according to the present invention' aerating device used in 

^^^s^zr^" 9 the ophthaimic iens surface according to ° ne embodimer,t ° f ,he 

Fig. 3 is a front elevational view partly in cross section showing a flexible lens holder used in the system of Fig 2- 
Fig. 4 is a cross sectional view taken along line 4-4 of Fig 3- 

2£2££2Z 3^J£E£* " arran96ment m0di ^ 9 - — - 

^ZZXSfZSZ in cross sec,ion showin9 the plasma contro1 member fixed to the blasma 

aXLm^:, merntr " P ' aSma ^ m "** " d 78 iS 3 ^ «™ °< a « 

Fig. 9 is a front elevational view showing a lens holder used in the system of Fig 8- 
Fig. 1 0 is a top plan view of the lens holder of Fig. 9; ' 
Fig. 11 is a view corresponding to Fig. 9, showing another example of the lens holder 

Fig. 12 is a m.crophotograph showing an edge portion of the contact lens according to the Comparative sample 

between 22 ' T M ^ ™™ member 

between the plasma generating device and the sample lens; and 

D F ie S ln t fn a .n! Cr ° Ph0 i 0graP , h Sh ° Win9 a " "** P ° rti ° n °' ,he COntact ,ens accordin 9 to the Sample No. 28 of the 

Th T P ' WhiCh W3S irradiat6d With ,hS P ' aSma With the P ,asma contro ' member being In- 
terposed between the plasma generating device and the sample lens. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0027] Referring first to Fig. 1 , there is shown a plasma generating device used for modifying a surface of an ooh 
thalmic lens according to the present invention. In Fig. 1 , a head 1 0 of the plasma generaSev^udls a hot 
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like chamber 12, In which there are accommodated electrodes 14, 16 for generating plasma therebetween, and a gas 
conduit 18 through which a working gas flows for blowing off the plasma generated between the electrodes 14, 16 
outside the chamber 12. By introducing the gas between the two electrodes 14, 16, the generated plasma is blown out 
from a plasma outlet 19 of the plasma generating device, so that the ophthalmic lens which is located outside the 
s plasma generating device is brought into contact with or irradiated with the plasma blown out from the plasma generating 
device. 

[0028] Described more specifically, a suitable voltage is applied between the two electrodes 14, 16 from a high- 
voltage power supply 22 via a control circuit 20, for thereby inducing a discharge at an atmospheric pressure in the 
presence of air or a suitable gas between the electrodes 14, 16. The voltage applied between the electrodes 14, 16 is 

10 generally in a range between 10 kV and 20 kV, for establishing a stable glow discharge. If the applied voltage is lower 
than 10 kV, the electric field is unstable. Accordingly, the ophthalmic lens surface which is held in contact with or 
irradiated with the plasma generated in the unstable electric field cannot be uniformly modified. Further, it undesirably 
takes a relatively long period of time to modify the ophthalmic lens surface. On the other hand, if the applied voltage 
is higher than 20 kV, the ophthalmic lens may undergo an arc discharge, and suffer from damage such as cracking. 

15 [0029] The frequency of an alternating current supply for applying, between the electrodes 14, 16, the voltage within 
the range described above is selected from a range between 1 kHz and 200 MHz, preferably between 1 kHz and 100 
MHz. The frequency may be 50 Hz or 60 Hz. It requires, however, a large-sized transformer to obtain such a high 
voltage at the commercially available frequency of 50-60 Hz, causing various problems in view of installation space 
and safety. By employing such a high frequency held within the range between 1 kHz and 200 MHz, a small-sized 

20 transformer can be advantageously used, for thereby reducing the size of the high-voltage power supply 22 and the 
device as a whole without an increase in the installation space of the device, and assuring a high degree of safety. If 
the frequency is lower than 1 kHz upon voltage application using the small-sized transformer, it is difficult to apply the 
voltage not lower than 1 0 kV necessary for generating the plasma. On the contrary, if the frequency exceeds 200 MHz, 
the voltage to be applied exceeds the desired upper limit of 20 kV, resulting in an unstable plasma (discharge) condition. 

25 in this case, the intended surface modification of the ophthalmic lens will not be attained. 

[0030] The voltage is applied from the high-voltage power supply 22 between the electrodes 14, 16 via a control 
device (not shown) which controls the voltage depending upon the kinds, materials, and sizes of individual ophthalmic 
lenses for optimum surface modification. For instance, the control device preferably controls the voltage such that the 
voltage is applied with a cycle time of 1 0—50 milliseconds (ms) and at a duty ratio of 0.1-0.8. The duty ratio is repre- 

30 sented as Tq/T p , wherein T D is a pulse duration and T p is a pulse repetition period. By pulsing the voltage to be applied 
to the electrodes 14, 16 and making the application cycle time and the duty ratio variable, the degree of the surface 
modification of the ophthalmic lens by the plasma can be varied as desired. If the application cycle time is larger than 
50 milliseconds and the duty ratio is less than 0.1 , it is difficult to maintain a plasma condition suitable for the surface 
modification. On the other hand, if the application cycle time is smaller than 10 milliseconds and the duty ratio exceeds 

35 0.8, the surface of the ophthalmic lens may be excessively modified. In this case, it requires fine or precise control of 
the irradiation time of the plasma. It is, however, difficult in general to control the irradiation time of the plasma in steps 
of 0.1 millisecond. 

[0031] The plasma generated between the electrodes 14, 16 by application of the voltage therebetween is blown 
out from the head 10 of the plasma generating device via a plasma outlet 19 by the gas fed from an outlet 24 of the 
40 gas conduit 18. More specifically described, a suitable gas is supplied at a predetermined flow rate by a pump 26 
located outside the head 10 of the plasma generating device. The gas flows through the gas conduit 18, and is jetted 
from the gas outlet 24 towards the spacing between the two electrodes 14,16. The gas jetted from the outlet 24 blows 
the plasma generated between the electrodes 14, 16 outside the plasma generating device. 

[0032] Examples of the gas introduced between the two electrodes 14, 16 include nitrogen, oxygen, helium, neon, 
45 argon, and mixtures thereof. Since the plasma is generated at the atmospheric pressure, the atmospheric air can be 
used as the working gas for blowing the generated plasma out from the plasma generating device. The use of the 
atmospheric air is effective to considerably reduce the cost required for the surface modification of the ophthalmic lens. 
The rate at which the gas is jetted or discharged from the outlet 24 is not particularly limited, but may be suitably 
determined as necessary. Preferably, the gas is discharged at a rate of 0.1—200 L/minute, more preferably 0.1 -100 
so L/minute. If the discharge rate is less than 0.1 Uminute, the amount of radiation of the plasma is not enough for sufficient 
surface modification of the ophthalmic lens. On the other hand, if the discharge rate exceeds the upper limit of 200 U 
minute, the amount of radiation of the plasma is excessively large, undesirably causing damage such as cracking on 
the lens surface. 

[0033] The plasma gas blown out from the plasma outlet 19 is blown onto the ophthalmic lens (a contact lens 28 in 
55 the present embodiment) located outside the plasma generating device and held by a suitable lens holder, as shown 
in Fig. 2. The present embodiment wherein the generated plasma is blown out from the space between the electrodes 
14,16 of the plasma generating device, eliminates the conventionally required cumbersome step of iteratively disposing 
a predetermined number of ophthalmic lenses within the limited space between the electrodes, for thereby reducing 
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the required time for the surface modification and assuring a high degree of working efficiency. Moreover, the plasma 
blown onto the ophthalmic lens is less likely to suffer from a variation in its density, so that the ophthalmic lens surface 
can be uniformly modified. 

[0034] In the present embodiment, the plasma is blown onto the contact lens 28 which is held by a flexible lens holder 
30 (Figs. 3 and 4) similar in construction to those disclosed in JP-U-A-50-20652, JP-U-B-1 -43697 and JP-U-A- 
62-35326. Accordingly, the contact lens 28 is prevented from being blown off upon exposure to the plasma gas or 
protected from deformation or bending by the lens holder due to an excessive stress of the plasma qas actinq on the 
lens. a 

[0035] The lens holder 30 shown in Figs. 3 and 4 includes a holding portion 34 in which the contact lens 28 is 
accommodated. The holding portion 34 is formed of a resin material having suitable degrees of elasticity and flexibility 
for thereby protecting the contact lens 28 from being subjected to the excessive stress of the plasma gas. 
[0036] Described more specifically, the lens holder 30 consists of the flexible holding portion 34, a support rod 40 
formed integrally with the holding portion 34, and a base 42 to which the support rod 40 is fixed. The holding portion 
34 consists of a pair of arms 36, 36 which are connected integrally with each other at their proximal ends on the side 
of the support rod 40. As shown in Fig. 4, each arm 36 consists of an arcuate outer wall 35 and two side walls 37, 
which cooperate to form a U-shaped configuration in cross section. The arms 36 are opposed to each other with a 
suitable space therebetween for accommodating the contact lens therein. The distal end of the outer wall 35 of each 
arm 36 is bent outwards, in other words, in a direction away from the other arm 36 so as to provide a bent portion 38 
for easy insertion of the contact lens 28 into the holding portion 34. 

[0037] A plurality of the lens holders 30 each holding the contact lens 28 are placed on a conveyor 32 which is moved 
relative to the plasma generating device, such that the lens holders 30 are spaced apart from each other by a suitable 
distance. Accordingly, the contact lenses 28 are moved relative to the head 1 0 of the plasma generating device. In this 
arrangement, the contact lenses 28 are successively and properly placed at a position at which the surface of each 
lens is modified by the plasma blown from the plasma generating device, permitting successive surface modification 
. .treatments of a plurality of contact lenses 28. Therefore, the present arrangement assures high degrees of working 
efficiency and economy for modifying the surface of the contact lens 28. Any known conveyors such as a belt conveyor, 
a chain conveyor, an index table and a turntable are used/The conveyor 32 is moved relative to the head 10 of the 
plasma generating device at a rate of about 0.05-1 000 mm/sec, preferably about 1 ~1 00 mm/sec. If the conveyor 32 
is moved relative to the plasma generating device at a rate lower than 0.05 mm/sec, the ophthalmic lens tends to suffer 
from cracking. On the other hand, if the relative speed of the conveyor 32 with respect to the plasma generating device 
exceeds 1000 mm/sec, the ophthalmic lens surface is not modified by the plasma blown from the plasma qeneratinq 
device. r » a 

[0038] In the present arrangement shown in Fig. 2, each contact lens 28 is held by the lens holder 32 such that its 
optical or geometrical center axis extends in the horizontal direction, and is perpendicular to the direction in which the 
35 contact lens 28 is moved by the conveyor 32. For effecting the surface modification of the contact lens 28, the plasma 
generating device is disposed such that the plasma outlet 19 is located above the contact lens 28 held by the lens 
holder 30 shown in Fig. 2, so that the plasma is blown out from the plasma generating device in a direction parallel to 
the surface of the contact lens 28, whereby the plasma flows laterally of the contact lens 28. According to this arrange- 
ment, both of the front and back surfaces of the contact lens 28 are entirely exposed to the plasma gas resultinq in 
40 uniform surface modification. 

[0039] The surface modification method according to the present embodiment is applicable to any known ophthalmic 
lenses including contact lenses (28) such as a silicon-containing hydrogel soft contact lens, a silicon-containing non- 
water-absorptive soft contact lens, a silicon-containing gas permeable hard contact lens, and an intraocular lens formed 
of a polymer whose major component is ethylmethacrylate. 

[0040] For irradiating the contact lens 28 with the plasma gas blown out from the plasma generating device, it is 
desirable that the shortest distance (work distance) between the edges of the electrodes 1 4, 1 6 and the contact' lens 
28 be in a range of 3-200 mm, more preferably 3- 1 00 mm. If the work distance is less than 3 mm, the desired surface 
modification by irradiation of the plasma is not attained. On the other hand, if the work distance exceeds 200 mm the 
surface area of the contact lens 28 modified by plasma decreases with an increase of the work distance. In this case 
the surface of the contact lens 28 cannot be modified by the plasma as desired. 

[0041] The ophthalmic lens is irradiated with the plasma gas for a time period in a range between 0.01 second and 
180 seconds, for attaining a sufficiently high degree of surface modification so as to give the ophthalmic lens a suffi- 
ciently high degree of wettability. If the irradiation time of the plasma is less than 0.01 second, the surface of the 
ophthalmic lens cannot be modified by the plasma, and on the other hand, the ophthalmic lens may suffer form damage 
such as cracking if the irradiation time of the plasma exceeds 1 80 seconds. The surface modification effect by irradiation 
of the plasma is considerably high especially when the ophthalmic lens is irradiated with the plasma for more than 1 
second. When the irradiation time of the plasma is not more than 10 seconds, a plurality of ophthalmic lenses can be 
successively subjected to the surface modification treatment, for thereby permitting speedy surface modification of the 
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contact lenses 28. In view of this, the irradiation time of the plasma is particularly preferably held in a range between 
1 second and 10 seconds. When the irradiation time is longer than 10 seconds, an increase in an oxygen ratio on the 
surface of the ophthalmic lens is kept constant, and a sufficient degree of the surface modification by the plasma is 
attained. Accordingly, the irradiation time of the plasma up to 1 0 seconds is enough according to the present invention. 

5 [0042] As is apparent from the above description, the ophthalmic lens in the form of the contact lens 28 is subjected 
to the plasma (glow discharge) treatment at the atmospheric pressure, so that the present embodiment assures an 
improved surface modification effect and renders the contact lens surface hydrophilic to enhance the wettability of the 
surface, as effectively as, or more effectively than the conventional arrangement wherein the surface modification of 
the contact lens is effected by the low-pressure glow discharge, or the corona discharge at the atmospheric pressure. 

io Moreover, the contact lens can be sterilized at the same time when the surface is modified by the plasma. 

[0043] The present embodiment wherein the surface modification is effected by the glow discharge at the atmospheric 
pressure eliminates the conventionally required step of evacuating the container in which the ophthalmic lens is ac- 
commodated, for thereby significantly improving the working efficiency wh ile decreasing the time and cost of modifying 
the ophthalmic lens surface. Further, the present arrangement does not require any equipment (e.g., gas conduit and 

15 working gas) for replacing the ambient air in the container with a suitable atmosphere, resulting in reduction of the 
equipment cost. 

[0044] In the present embodiment, the plasma (glow discharge) is generated between the electrodes while the oph- 
thalmic lens whose surface is to be modified is located outside the space between the electrodes (cathode and anode). 
The thus generated plasma is forcibly blown onto the ophthalmic lens located outside the electrodes, by introducing 

20 the gas between the electrodes, for thereby permitting uniform surface modification in a relatively short period of time. 
In the present embodiment, the plasma generating device is disposed independently of the carrier system in the form 
of the belt conveyor on which a plurality of ophthalmic lenses are placed such that the lenses are equally spaced apart 
from each other. Accordingly, the present embodiment permits a simplified arrangement of the system for the surface 
modification of the ophthalmic lens in a reduced installation space. Since the carrier system does not move between 

25 the electrodes of the plasma generating device, the carrier system does not suffer from any damage due to the plasma. 
[0045] In irradiating the contact lens 28 with the plasma, a suitable plasma control member may be interposed be- 
tween the contact lens 28 and the head 1 0 of the plasma generating device as shown in Fig. 5. In this second embod- 
iment shown in Fig. 5, the plasma control member in the form of a planar member 50 having a multiplicity of perforations 
54 is interposed between the contact lens 28 and the head 1 0 of the plasma generating device, such that the planar 

30 member 50 is spaced apart from one of opposite surfaces (back surface in Fig. 5) of the contact lens 28. The perforations 
54 are formed through the thickness of the planar member 50, and have a prescribed diameter The contact lens 28 
is exposed to portions of the plasma blown out from the head 1 0 of the plasma generating device, which portions have 
passed through the perforations 54 of the planar member 50, so that the surface of the contact lens 28 is modified. 
[0046] In this second embodiment, the plasma generating device (Fig. 1 ) as used in the illustrated first embodiment 

35 is used to modify the surface of the contact lens 28. In the present embodiment wherein the planar member 50 as the 
plasma control member is interposed between the head 10 of the plasma generating device and the contact lens 28, 
portions of the plasma blown out from the head 10 of the plasma generating device contact or collide with the planar 
member 50 in the vicinity of the perforations 54 before passing through the perforations 54, for thereby allowing the 
plasma to flow in various directions which include the direction in which the plasma is initially blown out from the head 

40 10 of the plasma generating device. Therefore, the plasma is blown onto the surface of the contact lens 28 in the 
various directions. 

[0047] In the present embodiment wherein the planar member 50 is interposed between the contact lens 28 and the 
head 10 of the plasma control member as described above, the contact lens 28 does not suffer from, at its edge portion, 
the phenomenon which is similar to the arc discharge and which arises from concentration of the plasma on the edge 
45 portion of the contact lens. Such phenomenon takes place only in the vicinity of the perforations 54 of the planar 
member 50. Accordingly, the contact lens 28 is effectively prevented from being damaged. 

[0048] In the present embodiment, the contact lens 28 is irradiated with the plasma while it is held by a suitable lens 
holder, so that the contact lens 28 is prevented from being blown off upon exposure to the plasma gas or protected 
from deformation or bending by the holder due to an excessive stress of the plasma gas acting on the lens. The lens 

50 holder is preferably formed of a resin material which exhibits flexibility. For instance, various known lens holders in- 
cluding the lens holder (Figs. 3 and 4) used in the illustrated first embodiment are preferably used. 
[0049] The surface modification of the contact lens 28 is effected underthe same conditions as in the above-described 
first embodiment. Namely, the voltage to be applied between the electrodes and the frequency of the alternate power 
supply are determined to be selected from the respective preferred ranges described above. The cycle time and the 

55 duty ratio for applying the voltage between the electrodes of the plasma generating device are also selected from the 
respective preferred ranges described above. The gas to be introduced between the electrodes is selected from those 
described above with respect to the above-described first embodiment, and the flow rate of the selected gas is deter- 
mined to be within the preferred range described above. Further, the work distance between the contact lens to be 
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modified and the edges of the electrodes, and the irradiation time of the plasma are selected from the respective 
preferred ranges described above. 

[0050] The plasma control member in the form of the planar member 50 with perforations 54 is fixedly positioned 
between the head 10 of the plasma generating device and the contact lens 28 by any means known in the art. For 
instance, a glass tube 52 having a diameter large enough to surround the plasma outlet 24 and a suitable length as 
shown in Fig. 6 is disposed between the head 10 and the planar member 50, such that one of opposite annular end 
faces of the glass tube 52 is fixed to the head 1 0 and such that the other annular end face is fixed to the planar member 
50. 

[0051] When the planar member 50 is fixed to the head 1 0 of the plasma generating device by the glass tube 52 as 
described above, the plasma blown out from the plasma outlet 24 of the head 10 of the plasma generating device 
effectively passes through the perforations 54 of the planar member 50, so that the plasma can be advantageously 
blown onto the contact lens 28. Moreover, the work distance can be easily determined, in other words, the contact lens 
to be modified can be easily positioned relative to the head 1 0 of the plasma generating device. In place of the glass 
tube 52 described above, othertube members formed of a material which exhibits high degrees of heat-resistance and 
durability can be used. Such materials for the tube member include a metal such as iron, aluminum, or copper, a 
fluororesin such as polytetrafluoroethylene, and an engineering plastic such as polyimide or polycarbonate. 
[0052] The planar member 50 used as the plasma control member in modifying the surface of the ophthalmic lens 
is shown in Fig. 7A. The planar member 50 has the multiplicity of perforations 54 each of which has a suitable diameter 
"A". The matrix of the multiplicity of perforations 54 are formed such that the perforations 54 are spaced apart from 
each other at a pitch "B" in the horizontal direction as seen in Fig. 7A, and at a pitch "C" in the vertical direction as 
seen in Fig. 7A. 

[0053] Any known planar members with the perforations which exhibit high degrees of heat-resistance and durability 
can be used in the present embodiment. For instance, the planar members formed of a meal such as iron, aluminum, 
or copper, a fluororesin such as polytetrafluoroethylene, and an engineering plastic such as polyimide or polycarbonate 
are suitably used. If the thickness of the planar member 50 is less than 0.1 mm, the strength of the planar member is 
insufficient for retaining its shape. The thickness of the planar member exceeding 3 mm makes it difficult to attain 
uniform surface modification of the ophthalmic lens. In view of this, the thickness of the planar member 50 is generally 
in a range of 0.1-3 mm, preferably 0.5-1 mm. The shape of each perforation 54 is not limited to the circular shape 
shown in Fig. 7A, but may be a square, rectangular or any other shape. The size (area) of the perforation 54 is preferably 
in a range of 0.5-200 mm 2 , and more preferably in a range of 0.5-150 mm 2 . If the size of the perforation 54 is smaller 
than 0.5 mm 2 , the surface modification effect of the ophthalmic lens by the plasma may be insufficient. On the other 
hand, when the size of the perforation 54 is larger than 200 mm 2 , the ophthalmic lens surface cannot be uniformly 
modified even if the planar member 50 is used. The planar member 50 has an opening ratio, i.e., a ratio of the perfo- 
rations 54 per unit area, generally in a range of 15-70%, preferably 20-50%. If the opening ratio is smaller than 15%, 
the surface modification effect by the plasma is insufficient. On the other hand, if the opening ratio is larger than 70%i 
the ophthalmic lens cannot be uniformly modified even if the planar member 50 is used. 

[0054] The above-described diameter (A) and pitches (B, C) of the perforations 54 are suitably determined so as to 
satisfy the requirements described above. In general, it is preferable that all perforations 54 have the same diameter, 
and that the pitches B and C are made equal to each other. 

[0055] In place of the planar member 50, a network in the form of a wire framework 60 as shown in Fig. 7B may be 
used as the plasma control member. The wire framework 60 is a wtrework consisting of a plurality of wires 62 having 
a suitable diameter. The wires 62 are braided, woven or knitted such that the wires 62 cooperate with each other to 
form a multiplicity of openings 64 each having a constant size "d" shown in Fig. 7B. The plasma is blown onto the 
ophthalmic lens through the openings 64 of the wire framework 60. Like the planar member 50 having the perforations 
54 described above, the wire framework 60 having the openings 64 permits uniform surface modification of the oph- 
thalmic lens while effectively preventing the ophthalmic lens from being damaged at its edge portion. 
[0056] Any known wire framework consisting of wires formed of a material which exhibits high degrees of heat- 
resistance and durability can be used in the present embodiment. Examples of such a material include a metal such 
as iron, aluminum, or copper, a fluororesin such as polytetrafluoroethylene, and an engineering plastic such as poly- 
imide or polycarbonate. Although the size "d" of each opening 64 of the wire framework 60 is suitably determined 
depending upon the desired degree of the surface modification by the plasma, the size of the opening 64 is preferably 
in a range of 0.3-15 mm, and more preferably 5-15 mm. If the size of the opening 64 is smaller than 0.3 mm, the 
surface modification effect by the plasma is insufficient. If the size of the opening 64 is larger than 1 5 mm, on the other 
hand, the surface of the ophthalmic lens cannot be uniformly modified even if the wire framework 60 is used. Further, 
the wires 62 of the wire framework 60 preferably have a diameter of 0.1 -3 mm, and more preferably 1-2 mm. When 
the diameter of the wires 62 is smaller than 0.1 mm, the strength of the wire framework 60 as a whole is lowered, 
making its handling difficult. When the diameter of the wires 62 is larger than 3 mm, on the other hand, the surface of 
the ophthalmic lens cannot be uniformly modified even if the wire framework 60 is used. 
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[0057] Referring next to Fig. 8, there is shown a system of modifying the surface of the ophthalmic lens according 
to the present embodiment. In this system, the two heads 10, 10 of the respective two plasma generating devices are 
disposed such that the plasma outlets 24 (not shown) of the two plasma generating devices are opposed to each other 
with a suitable spacing therebetween. Between the two heads 10, 10, there is interposed a conveyor 66 for conveying 
5 a plurality of contact lenses 28. Any known conveyors such as a belt conveyor, a chain conveyor, an index table and 
a turntable are used. On the conveyor 66, a plurality of lens holders 68 for holding the contact lenses 28 are fixed such 
that the lens holders 68 are equally spaced apart from each other. 

[0058] More specifically described, each lens holder 68 consists of a base portion 72 and a lens accommodating 
portion 70 formed on the base portion 72. The lens accommodating portion 70 is formed of the planar member 50 and 

10 has a rectangular box-like shape. Within the lens accommodating portion 70, the contact lens 28 is accommodated so 
that the surface (front and back surfaces) of the contact lens 28 is surrounded by the planar member 50. 
[0059] A plurality of the lens holders 68 formed as described above are equally spaced apart from each other on the 
conveyor 66 such that the optical axis of the contact lens 28 held by each lens holder 68 is parallel to the direction in 
which the plasma is blown from the head 10 of each plasma generating device. The conveyor 66 is moved relative to 

is the heads 1 0 of the two plasma generating devices. 

[0060] The plasma gas blown out from the two heads 10, 1 0 of the respective two plasma generating devices is 
blown onto the front and back surfaces of the contact lens 28 through the perforations 54 of the planar member 50 
which constitutes the lens accommodating portion 70 of the lens holder 68. Accordingly, the opposite surfaces of the 
contact lens 28 can be uniformly modified while the contact lens 28 is prevented from being damaged. 

20 [0061 ] According to this arrangement, the contact lens 28 held by each lens holder 68 which is placed on the conveyor 
66 is moved relative to the heads 1 0 of the two plasma generating devices, so that the contact lenses 28 are succes- 
sively and properly placed at a position at which the surface of each lens is modified by the plasma blown from the 
plasma generating devices, permitting successive surface modification treatments of a plurality of contact lenses 28. 
Therefore, the present arrangement assures high degrees of working efficiency and economy in modifying the surface 

25 of the contact lens 28. 

[0062] In place of the lens holder 68 formed of the planar member 50 described above, a lens holder 74 as shown 
in Fig. 11 may be used. The lens holder 74 of Fig. 11 consists of a base portion 78 and a lens accommodating portion 
76 formed on the base portion 78. The lens accommodating portion 76 is formed of the wire framework 60 and has a 
rectangular box-like shape. Within the lens accommodating portion 76, the contact lens 28 is accommodated so that 

30 the surface (front and back surfaces) of the contact lens 28 is surrounded by the wire framework 60. Like the lens 
holder 68 formed of the planar member 50, the lens holder 74 formed of the wire framework 60 permits effective and 
uniform surface modification of the contact lens 28 while preventing the contact lens 28 form being damaged. 
[0063] In the present embodiment, the ophthalmic lens is irradiated with the plasma which has passed through the 
at least one opening of the plasma control member, that is, at least one of the openings of the wire framework or at 

35 least one of the perforations of the planar member. Accordingly, the surface of the ophthalmic lens is effectively modified 
while preventing the ophthalmic lens from being damaged. The plasma control member is not limited to the wire frame- 
work and planar member described above, but may be any other members provided that the members have at least 
one opening formed through the thickness thereof and that the members assure the effect of the present invention. 
[0064] The surface modification method according to the present embodiment is applicable to any known ophthalmic 

40 lenses including contact lenses (28) such as a silicon-containing hydrogel soft contact lens, a silicon-containing non- 
water-absorptive soft contact lens, a silicon-containing gas permeable hard contact lens, and an intraocular lens formed 
of a polymer whose major component is ethylmethacrylate. 

[0065] In the present embodiment wherein the plasma generated at the atmospheric pressure is blown onto the 
contact lens (28) as the ophthalmic lens through the at least one opening of the plasma control member, i.e., at least 
45 one opening of the wire framework or at least one perforation of the planar member, the surface of the contact lens is 
uniformly held in contact with the plasma, permitting uniform surface modification of the contact lens while preventing 
the contact lens from being damaged. 

[0066] As is apparent from the above description, the ophthalmic lens in the form of the contact lens 28 is subjected 
to the plasma (glow discharge) treatment at the atmospheric pressure, so that the present embodiment assures an 

so improved surface modification effect and renders the contact lens surface hydrophilic to enhance the wettability of the 
lens surface, as effectively as, or more effectively than the conventional arrangement wherein the surface modification 
of the contact lens is effected by the low-pressure glow discharge, or the corona discharge at the atmospheric pressure. 
Moreover, the contact lens can be sterilized at the same time when the surface is modified by the plasma. 
[0067] The present embodiment wherein the surface modification is effected by the glow discharge at the atmospheric 

55 pressure eliminates the conventionally required step of evacuating the container in which the ophthalmic lens is ac- 
commodated, for thereby significantly improving the working efficiency while decreasing the time and cost of modifying 
the ophthalmic lens surface. Further, the present arrangement does not require any equipment (e.g., gas conduit and 
working gas) for replacing the ambient air in the container with a suitable gas resulting in reduction of the equipment cost. 
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[0068J While the presently preferred embodiments of this invention have been described in detail by reference to 
the accompanying drawings, it is to be understood that the invention may be otherwise embodied. 
[0069] in the illustrated first and second embodiments, the entire surface (front and back surfaces) of the ophthalmic 
lens in the form of the contact lens 28 is irradiated with the plasma. One of the opposite surfaces of the ophthalmic 
lens may be modified, as needed. When the ophthalmic lens is formed in a mold cavity defined by and between two 
molds of a mold assembly, as disclosed in JP-A-1 0-31 5252, JP-A-6-208090, JP-A-5-337957, JP-A-55-151618, and 
JP-U-A-4-89309, for instance, the plasma is blown onto the desired one of opposites surfaces of the ophthalmic lens 
while the lens is held by one of the two molds which have been separated away from each other, so that the above- 
indicated one of the opposite surfaces of the ophthalmic lens which has been removed from the other of the two molds 
is irradiated with the plasma. 

[0070] In the illustrated first embodiment, a suitable masking member having a desired size and shape may be 
interposed between the plasma generating device and the ophthalmic lens to be modified. In this case, the ophthalmic 
lens is irradiated with the plasma, so that the ophthalmic lens surface is partially modified such that only the portion of 
the ophthalmic lens surface not corresponding to the masking member is modified by the plasma. According to this 
arrangement, the desired portion of the ophthalmic lens surface can be modified. In this arrangement, it is preferable 
to arrange such that the masking member is replaceable, so that a desired one of the masking members of different 
shapes can be used. 

[0071] In the illustrated first embodiment, the ophthalmic lens (contact lens 28) held by the lens holder 30 is disposed 
on the conveyor 32 such that the optical or geometrical center axis of the ophthalmic lens is parallel to the horizontal 
direction, and is perpendicular to the direction in which the conveyor 32 is moved. The ophthalmic lens held by the 
lens holder 30 may be disposed on the conveyor 32 such that the center axis of the ophthalmic lens is parallel to the 
vertical direction. In this case, the plasma is blown onto the ophthalmic lens in the horizontal direction, so that the 
plasma flows laterally of the ophthalmic lens. 

[0072] The flexible lens holder 30 which holds the ophthalmic lens (contact lens 28) may be designed such that the 
support rod 40 is rotatable with respect to the base 42 which is fixed to the conveyor 32. This arrangement permits 
further uniform surface modification of the ophthalmic lens. 

[0073] The structure of the lens holder is not limited to those of the lens holder 30 in the illustrated first embodiment, 
and the lens holders 68, 74 in the illustrated second embodiment. The lens holder may be suitably formed depending 
upon the kind and material of the ophthalmic lens to be modified. The lens holder is not essential unless the ophthalmic 
lens is blown off by the plasma gas. 

[0074] In the illustrated first embodiment, the ophthalmic lens (contact lens 28) is irradiated with the plasma blown 
out from the single head 10 of the single plasma generating device. The ophthalmic lens may be irradiated with the 
plasma blown out from a plurality of heads of a plurality of plasma generating devices. 

[0075] In the illustrated first and second embodiments, the ophthalmic lens (contact lens 28) is moved relative to the 
plasma generating device (10). The plasma generating device (10) may be moved relative to the ophthalmic lens. 
Further, both of the plasma generating device and the ophthalmic lens may be moved relative to each other. 
[0076] In the illustrated first and second embodiments, the gas to be introduced between the two electrodes of the 
plasma generating device is selected from the group consisting of atmospheric air, nitrogen, oxygen, helium, neon, 
argon, and mixtures thereof. The selected gas may be introduced between the electrodes after the gas is in contact 
with hydrogen peroxide water, so that the contact lens can be sterilized with high efficiency. 

[0077] In the illustrated first and second embodiments, any known surface treatments such as a UV irradiation treat- 
ment and an ozone surface modification treatment may be effected concurrently with the present surface modification 
treatment by the plasma. 

[0078] The lens holding means in the form of the lens holders and the mold of the mold assembly may be provided 
with a suitable data storage medium in the form of an ID chip or a barcode as disclosed in JP-U-A-6-82923, for instance. 
The data storage medium stores data of the ophthalmic lens (e.g., specifications of the ophthalmic lens). Based on 
the data stored in the data storage medium, the plasma irradiation conditions such as the irradiation time, amount, and 
intensity of the plasma are controlled, for thereby controlling the surface modification treatment depending upon the 
kinds and specifications of the ophthalmic lens. 

[0079] In the illustrated second embodiment, the contact lens 28 is held by the lens holders 68, 74 formed of the 
planar member 50 and the wire framework 60, respectively. In place of these lens holders, various known lens holders 
including the lens holder 30 (Figs. 3 and 4) used in the first embodiment may be used for holding the contact lens 28. 
In this case, the lens holder is surrounded by the planar member 50 or the wire framework 60, so that the contact lens 
28 held by the lens holder is irradiated with the plasma blown through at least one perforation of the planar member 
50 or at least one opening of the wire framework 60. 

[0080] In the surface modification system (Fig. 8) of the second embodiment, the plasma is blown out from the two 
heads 10, 10 of the different two plasma generating devices which are opposed to each other so as to sandwich one 
contact lens 28 therebetween. According to this arrangement, the opposite surfaces of one contact lens 28 are con- 
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currently exposed to the plasma. The two plasma generating devices may not be located in opposed relation to each 
other. For instance, one of the two plasma generating devices in Fig. 5 may be located on the upstream or downstream 
side with respect to the other device, whereby one and the other of the front and back surfaces of two different contact 
lenses are irradiated, at the same time, with the plasma blown from the respective two plasma generating devices. 

5 

EXAMPLES 

[0081] There will be described some examples of the present invention to further clarify the present invention. 

10 [Example 1 — Surface Modification Effect] 

[0082] As the ophthalmic lens, twelve pieces of silicon-containing gas permeable hard (RGP) contact lenses, and 
six pieces of silicon-containing hydrogel soft contact lenses were prepared. By using a plasma irradiator "ST-7000" 
available from KABUSHIKI KAISHA KEYENCE, Japan, as the plasma generating device, the surface of each contact 
15 lens was modified under the following conditions: 



Work distance 


6 mm 


Applied voltage 


10 kV 


Frequency 


20-25 kHz 


Irradiation Cycle time 


32 ms 


Frequency 


31.25 Hz 


Duty ratio 


25% 


Gas 


atmospheric air 



The surface modification treatment was effected for various time periods with or without the contact lenses being held 
by a flexible lens holder, as indicated in the following TABLE 1 and TABLE 2. Thus, there were obtained Samples Nos. 
1-18 according to the present invention. 
30 [0083] For comparison, a silicon-containing RGP contact lens and a silicon-containing hydrogel soft contact lens 
were prepared as Comparative Samples Nos. 1 and 2, respectively, without being subjected to the plasma treatment. 
[0084] The thus prepared 20 pieces of contact lens samples were evaluated in terms of wettability, presence of 
cracking, and oxygen ratio in the following manners. 

35 < Evaluation of the wettability> 

[0085] By using a Goniometer-Type contact angle measuring device ("G-1" available from ELUMA KOGAKU KA- 
BUSHIKI KAISHA, Japan), the contact angles were measured by a droplet method for the silicon-containing RGP 
contact lenses (Samples Nos. 1-12 according to the present invention, and the Comparative Sample No. 1), and by 
40 an air bubble method for the silicon-containing hydrogel soft contact lenses (Samples Nos. 13-18 according to the 
present invention, and the Comparative Sample No. 2). The results are indicated in TABLE 1 and TABLE 2, respectively. 

Examination for the presence of cracking> 

45 [0086] The contact lenses according to the Samples Nos. 1-18 of the present invention and the contact lenses 
according to the Comparative Samples Nos. 1 and 2 were examined for the presence of cracking under a stereomi- 
croscopeat20x (available from KABUSHIKI KAISHA NEIT2, Japan). The results are indicated in the following TABLE 
1 and TABLE 2. 

so <Measurement of the oxygen ratio 

[0087] The oxygen ratio was measured under an energy resolution of 0.9 eV for each of the contact lenses according 
to the Samples Nos. 1-18 of the present invention and the Comparative Samples Nos. 1 and 2 by an X-ray photo- 
electron spectrometer ("J PS -9000 MX" available from JEOL Ltd., Japan) using MgK a non-monochromatic X-ray as the 
55 excitation X-ray. The results are also indicated in the following TABLE 1 and TABLE 2. 
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TABLE 1 







use of 
lens holder 


irradiation 
time (s) 


contact 
angle (dec) 


oxygen percent 
(%) 


presence of 
craclrinp 




Sample No.l 


NO 


1 


35 


22.0 


NONE 


c 


Sample No. 2 


NO 


1 


39 


- 


NONE 


o 

»H 


Sample No.3 


NO 


5 


<10 


41.8 


NONE 


u 

G 


Sample No.4 


NO 


5 


<10 




NONE 


0) 
> 


Sample No.5 


NO 


10 


<10 


42.9 


NONE 


c 

•H 


Sample No. 6 


NO 


10 


<10 




NONE 


-U 

c 


Sample No. 7 


YES 


1 


35 


28.3 


NONE 


0) 
0) 


Sample No.8 


YES 


1 


34 




NONE 


0) 
M 


Sample No.9 


YES 


5 


<10 


36.5 


NONE 




Sample No. 10 


YES 


5 


<10 




NONE 




Sample No. 11 


YES 


10 


<10 


44.4 


NONE 




Sample No. 12 


YES 


10 


<10 




NONE 


Comparative 
Sample No. 1 


NO 


0 


89 


14.8 


NONE 



— • not measured 



TABLE 2 





irradiation 
time (s) 


contact angle 
(de K ) 


Oxygen percent 
(%) 


presence of 
cracking 




Sample No. 13 


1 


29 


22.0 


NONE 


c 
o 


Sample No. 14 


1 


30 




NONE 


tJ *H 
C 4J 


Sample No. 15 


5 


29 


25.7 


NONE 


<D C 

to « 

41 > 


Sample No. 16 


5 


29 




NONE 


u e 

P. -rt 


Sample No. 17 


10 


29 


25.3 


NONE 




Sample No. 18 


10 


27 




NONE 


Comparative Sample 
No. 2 


0 


37 


20.O 


NONE 



not measured 



[0088] As is apparent from the results indicated in the above TABLE 1 and TABLE 2, the contact lenses according 
to the Comparative Samples Nos. 1 and 2 which were not subjected to the plasma treatment have relatively large 
contact angles, and therefore suffer from low wettability. In contrast, the contact lenses according to the Samples Nos. 
1 -12 and 13-18 of the present invention do not suffer from any cracking and have relatively small contact angles 
exhibiting improved wettability. It is noted that the contact angle decreases with an increase of the plasma irradiation 
time. 

[0089] The oxygen ratio increases with an increase with an increase of the plasma irradiation time. It is apparent 
from the results indicated in TABLE 1 that the contact lenses can be sufficiently irradiated with the plasma even when 
they are held by the lens holders. 

[Example 2 — Sterilizing Effect] 

[0090] Six pieces of silicon-containing RGP contact lenses were prepared. A spore suspension (Bacillus subtllis 
IF05313) of 10 5 cfu/mL was prepared, and 10 uL of this suspension was applied to the contact lenses at about 10 3 
cfu/lens. Then, the contact lenses were air-dried. As in the Example 1 , the plasma gas was blown onto three of these 
six contact lenses for surface modification, to thereby provide Samples Nos. 1 9-21 according to the present invention 
These contact lenses according to the Samples Nos. 1 9-21 were irradiated with the plasma under the same conditions 
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as In Example 1 , except that the irradiation time was 10 seconds in this Example 2. 

[0091] One of the other three contact lenses was used as a Comparative Sample No. 3 without effecting any treat- 
ment. As for the other two contact lenses, the air without containing plasma was blown, to thereby provide Comparative 
Samples Nos. 4 and 5. 

5 [0092] A plate count of the Bacillus subtilis remaining on each of the thus obtained Samples Nos. 19~21 of the 
present invention and the Comparative Samples Nos. 3-5 was measured in the following manner. After each contact 
lens sample was accommodated in a sterile glass vial, 2 mL of 0.1 w/v% polysorbate-added-peptone-sodium buffer 
was added thereto. The mixture was stirred by a vortex mixer at its maximal speed for 1 0 seconds. Thereafter, 0.1 mL 
of the solution in which the Bacillus subtilis was dissolved was taken out of the vial, and was plated on two soybean 

*o casein digest agar plates (SCDA plates). The agar plates were incubated in an incubator kept at 32°C overnight. 
Thereafter, the number of colony was obtained for each agar plate. The average value of the numbers of colony of the 
two plates were calculated, to thereby obtain the plate count (cfu/lens) for each contact lens sample. The results are 
indicated in the following TABLE 3. There were obtained an average value of the plate counts of the Samples Nos. 
19-21 of the present invention which had been subjected to the plasma treatment, and an average value of the plate 

15 counts of the Comparative Samples Nos. 4 and 5 which had been subjected to the air-blow treatment. Those average 
values are also indicated in the TABLE 3. 



TABLE 3 





plate count 
(cfuflens) 


average value 
(cfu/lens) 


c 
o 


Sample No. 19 


220 




c w 

CJ c 

o) <y 


Sample No. 20 


300 


273.3 . 


0) > 

u c 


Sample No. 21 


300 




Comparative Sample 
No.3 


460 


460 


Comparative Sample 
No.4 


470 


495 


Comparative Sample 
No.5 


520 



[0093] As is apparent from the results indicated in the TABLE 3, the air-blow treated contact lenses according to the 
Comparative Samples Nos. 4 and 5 had substantially the same plate counts of the Bacillus subtilis as the non-treated 
contact lens according to the Comparative Sample No. 3. It is recognized that the Bacillus subtilis adhering to the 
40 contact lenses according to the Comparative Samples Nos. 4 and 5 was not substantially removed by the air blown 
onto these contact lens samples. In contrast, in the contact lenses according to the Samples Nos. 1 9~21 of the present 
invention, about 40% of the Bacillus subtilis\Nas killed as calculated according to the following equation. Accordingly, 
it is to be understood that the contact lenses according to the Samples Nos. 19-21 of the present invention were 
effectively sterilized by the irradiation of the plasma. 

45 

kill rate of Bacillus subtilis (%) 
= (average plate count of the non-treated contact lens - 

so 

average plate count of the plasma-treated contact lenses) + 
average plate count of the non-treated contact lens x 100 = 



[0094) It is speculated from the results indicated in the above Example 1 that the kill rate will increase with an increase 
of the plasma irradiation time. Further, if the gas is introduced into the plasma generating device after the gas is in 



13 



EP 1 201 253 B1 

contact with hydrogen peroxide water, the sterilizing effect will increase since the formation of OH radicals and O 
radicals is activated. 

[Example 3] 

[0095] 15 pieces of silicon-containing hydrogel soft contact lenses as the ophthalmic lens were used as the Samples 
Nos. 22-33 according to the present invention and the Comparative Samples Nos. 6-8. The plasma irradiator "ST- 
7000" available from KABUSHIKI KAISHA KEYENCE, Japan was used as the plasma generating device. Further, the 
following three plasma control members were prepared: 

• wire framework 

material: iron 

size of the opening: 12.1 mm 
diameter of the wire: 1 .4 mm 

• planar member A 

material: polytetrafluoroethylene 
ratio of the opening: 23% 
configuration of the opening: circle 
diameter of the opening: 1 .0 mm 
area of the opening: 0.8 mm 2 

center-to-center distance of adjacent two openings: 2.0 mm 
thickness: 0.5 mm 

• planar member B 

material: aluminum 
ratio of the opening: 37% 
configuration of the opening: circle 
diameter of the opening: 3.0 mm 
area of the opening: 7.1 mm 2 

center-to-center distance of the adjacent two openings: 4.8 mm 
thickness: 0.5 mm 

[0096] The contact lens samples were subjected to the surface modification treatment in the following manner. Each 
of the contact lenses was held by a flexible lens holder, and is disposed such that its optical axis is parallel to the 
direction in which the plasma is blown from the plasma irradiator. As the plasma control member, the wire framework 
described above was used for the contact lenses according to the Samples Nos. 22-24 of the present invention, the 
planar member A described above was used for the contact lenses according to the Samples Nos. 25-27 of the present 
invention, and the planar member B was used for the contact lenses according to the Samples Nos. 28-30 of the 
present invention. The plasma control member was interposed between each sample and the plasma generating de- 
vice, as shown in Fig. 5. In this state, the front and back surfaces of each contact lens sample were exposed to one 
plasma blow. Each of the contact lenses according to the Samples Nos. 31 -33 of the present invention were irradiated 
with the plasma with the planar member B as the plasma control member being fixed to the plasma irradiator by using 
a glass tube, as shown in Fig. 6. Described in detail, the glass tube having a diameter large enough to surround the 
end portion of the plasma irradiator is fixed at one of its opposite end faces to the end portion of the plasma irradiator 
and at the other end face to the planar member B. I n this state , the front and back surfaces of each contact lens sample 
were exposed to one plasma blow. The contact lenses according to the Comparative Samples Nos. 6-8 were irradiated 
with the plasma without the wire framework and the planar members A, B being interposed between the each sample 
and the plasma irradiator. In this Example 3, the work distance was 1 0 mm. 

[0097] Each contact lens sample which has been subjected to the surface modification described above was ob- 
served under a stereomicroscope at 200x (available from KABUSHIKI KAISHA NEITZ, Japan), for examining whether 
the contact lens sample suffers from any cracking. The results of examination are indicated in the following TABLE 4 
As for the contact lens according to the Sample No. 6 of the present invention and the contact lens according to the 
Comparative Sample No 28, the edge portions were photographed by a differential interference microscope at 100 x 
("OPTIPHOT-2" available from Nikon Corporation, Japan). The micrographs of the Sample No. 6 and the Comparative 
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Sample No. 28 are shown in Figs. 12 and 13, respectively. 



TABLE 4 





plaema control member 


presence of 
cracking 


ratio of contact 
lenses suffering from 
cracking 


Comparative Sample 
No. 6 


— 


observed 


2/3 


Comparative Sample 
No. 7 




observed 


Comparative Sample 
No. 8 




not observed 


Present invention 


Sample No. 22 


wire LLixiixti wuifli 


not n V^qp t-vpH 

ilWL UUOCA vcu 


0/3 


Sample No. 23 


WUg UaUlCVrUIA 


iiUl UUOCIVCU 


Sample No. 24 


wire framework 


not observed 


Sample No. 25 


planar member A 


not observed 


0/3 


Sample No. 26 


planar member A 


not observed 


Sample No. 27 


planar member A 


not observed 


Sample No. 28 


planar member B 


not observed 


0/3 


Sample No. 29 


planar member B 


not observed 


Sample No. 30 


planar member B 


not observed 


Sample No. 31 


planar member B 


not observed 


0/3 


Sample No. 32 


planar member B 


not observed 


Sample No. 33 


planar member B 


not observed 



[0098] As is apparent from the results indicated in the TABLE 4 and the micrographs of Figs. 1 2 and 13, each of the 
contact lenses according to the Comparative Samples Nos. 6-8 onto which the plasma was directly blown suffered 
from cracking. In contrast, the contact lenses according to Samples Nos. 22-33 of the present invention did not suffer 
from any cracking since the plasma was blown onto these contact lenses through the openings of the plasma control 
member, that is, through the openings of the wire framework or the perforations of the planar member. 



Claims 

1 . A method of modifying a surface of an ophthalmic lens, comprising the steps of: 

generating plasma at an atmospheric pressure between electrodes (14, 16) of a plasma generating device 
(10, 12); and 

blowing said plasma from said plasma generating device by introducing a gas between said electrodes, so as 
to irradiate said ophthalmic lens located outside said plasma generating device, with said plasma blown out 
from said plasma generating device for modifying the surface of said ophthalmic lens. 

2. A method according to claim 1 , further comprising a step of interposing a plasma control member (50, 60) between 
said ophthalmic lens and said plasma generating device, and wherein said plasma is blown onto said ophthalmic 
lens through at least one opening (54, 64) of said plasma control member. 

3. A method according to claim 2, wherein said plasma control member has a matrix of a multiplicity of openings (54, 
64). 

4. A method according to claim 2 or 3, wherein said plasma control member is a network (60) which has a matrix of 
a multiplicity of openings (64). 
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5. A method according to claim 2 or 3, wherein said plasma control member is a planar member (50) which has a 
matrix of perforations (54) formed through the thickness of the planar member (50). 

6. A method according to claim 4, wherein each of the multiplicity of openings of said network has a size of 0.3-1 5 mm. 

7. A method according to claim 4 or 6, wherein said network is a wire framework consisting of a plurality of wires, 
each of the plurality of wires having a diameter of 0.1-3 mm. 

8. A method according to claim 5, wherein said planar member has an opening ratio of 15-70 %. 

9. A method according to claim 5 or 8, wherein said planar member is a sheet member having perforations formed 
by punching, said sheet member having a thickness in a range of 0.1-3 mm. 

10. A method according to any one of claims 1-9, wherein said step of blowing said plasma is effected on at least one 
ophthalmic lens while said at least one ophthalmic lens is moved relative to said piasma generatinq device bv a 
conveyor (32, 66). 1 

11. A method according to any one of claims 1-10, wherein said step of blowing said plasma is effected while said 
ophthalmic lens is held by a flexible lens holder. 

12. A method according to any one of claims 1-11 , wherein said plasma is blown out from said plasma generating 
device in a direction which is perpendicular to an optical axis of said ophthalmic lens, so that said plasma flows 
laterally of said ophthalmic lens. 

1 3. A method according to any one of claims 1 r1 1 , wherein said plasma is blown onto one of opposite surfaces of said 
ophthalmic Jens in a direction parallel to an optical axis of said ophthalmic lens. 

14. A method according to any one of claims 1-11 and 13, wherein said plasma is blown onto opposite surfaces of 
said ophthalmic lens in opposite directions which are parallel to said optical axis of said ophthalmic lens. 

15. A method according to any one of claims 1 -1 4, wherein said gas introduced between said electrodes of said plasma 
generating device is selected from the group consisting of nitrogen, oxygen, helium, neon, argon, and mixtures 
thereof. 

1 6. A method according to any one of claims 1 -1 4, wherei n said gas introduced between said electrodes of said plasma 
generating device is atmospheric air. 

17. A method according to any one of claims 1-16, wherein said ophthalmic lens is irradiated with said plasma for a 
time period in a range between 0.01 second and 180 seconds. 

18. A method according to any one of claims 1-17, wherein said ophthalmic lens is a contact lens. 

19. A method according to any one of claims 1 -13 and 15-18, wherein said ophthalmic lens is formed in a mold cavity 
defined by and between two molds of a mold assembly, and said plasma is blown on one of opposite surfaces of 
said ophthalmic lens while it Is held by one of said two molds which have been separated away from each other, 
so that said one of opposite surfaces of said ophthalmic lens which has been removed from the other of said two 
molds is irradiated with said plasma. 

20. A method according to any one of claims 1-19, wherein said plasma is generated by a glow discharge. 

21 . A method according to any one of claims 1 -20, wherein the surface of said ophthalmic lens is sterilized by irradiation 
of said plasma. 

22. A method according to any one of claims 1-21, wherein said gas is introduced between said electrodes of said 
plasma generating device after said gas has been in contact with hydrogen peroxide water. 
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PatentansprUche 

1. Verfahren zum Modifizieren einer Oberflache einer ophthalmischen Linse, folgende Schritte umfassend: 

5 das Erzeugen von Plasma bei einem Atmospharendruck zwischen Elektroden (14, 16) einer Plasmaerzeu- 

gungsvorrichtung (10, 12); und 

das Ausblasen des Plasmas aus der Plasmaerzeugungsvorrichtung durch Einfuhren von Gas zwischen den 
Elektroden, urn die ophthalmische Linse, die auGerhalb der Plasmaerzeugungsvorrichtung angeordnet ist, mit 
10 dem aus der Plasmaerzeugungsvorrichtung ausgeblasenen Plasma zu bestrahlen, urn die Oberflache der 

ophthalmischen Linse zu modifizieren. 

2. Verfahren nach Anspruch 1 weiters umfassend einen Schritt des Dazwischenschiebens eines Plasmasteuerungs- 
elements (50, 60) zwischen die ophthalmische Linse und die Plasmaerzeugungsvorrichtung, und worin das Plasma 

*5 durch zumindest eine Offnung (54, 64) des Plasmasteuerungselements auf die ophthalmische Linse geblasen wird. 

3. Verfahren nach Anspruch 2, worin das Plasmasteuerungselement eine Matrix mit einer Vielzahl an Offnungen (54, 
64) aufweist. 

20 4. Verfahren nach Anspruch 2 oder 3, worin das Plasmasteuerungselement ein Netzwerk (60) ist, das eine Matrix 
mit einer Vielzahl von Offnungen (64) besitzt. 

5. Verfahren nach Anspruch 2 oder 3, worin das Plasmasteuerungselement ein planares Element (50) ist, das eine 
Matrix mit durch die Dicke des planaren Elements (50) geformten Perforationen (54) aufweist. 

25 

6. Verfahren nach Anspruch 4, worin jede der Vielzahl an Offnungen des Netzwerks eine GroBe von 0,3-15 mm 
aufweist. 

7. Verfahren nach Anspruch 4 oder 6, worin das Netzwerk ein Drahtgerust aus einer Vielzahl von Drahten ist, wobei 
30 jeder der Vielzahl von Drahten einen Durchmesser von 0,1-3 mm aufweist. 

8. Verfahren nach Anspruch 5, worin das planare Element einen Offnungsanteil von 15-70 % aufweist. 

9. Verfahren nach Anspruch 5 oder 8, worin das planare Element ein Blechelement mit durch Stanzen ausgebildeten 
35 Perforationen ist, wobei das Blechelement eine Dicke in einem Bereich von 0,1-3 mm aufweist. 

10. Verfahren nach einem der Anspruche 1 - 9, worin das Ausblasen des Plasmas an zumindest einer ophthalmischen 
Linse durchgefuhrt wird, wahrend diese zumindest eine ophthalmische Linse durch ein Forderband (32, 66) relativ 
zur Plasmaerzeugungsvorrichtung bewegt wird. 

40 

11. Verfahren nach einem der Anspruche 1-10, worin der Schritt des Ausblasens des Plasmas durchgefuhrt wird, 
wahrend die ophthalmische Linse durch einen flexiblen Linsenhalter gehalten wird. 

12. Verfahren nach einem der Anspruche 1 - 11 , worin das Plasma in einer Richtung aus der Plasmaerzeugungsvor- 
45 richtung ausgeblasen wird, die senkrecht zu einer optischen Achse der ophthalmischen Linse ist, so dass das 

Plasma seitlich zur ophthalmischen Linse stromt. 

13. Verfahren nach einem der Anspruche 1 - 11 , worin das Plasma in einer zu einer optischen Achse der ophthalmi- 
schen Linse parallelen Richtung auf eine der gegenuberliegenden Oberflache der ophthalmischen Linse geblasen 

so wird. 

14. Verfahren nach einem der Anspruche 1-11 und 13, worin das Plasma in einanderentgegengesetzten Richtungen, 
• die parallel zur optischen Achse der ophthalmischen Linse sind, auf gegenuberliegende Oberflachen der ophthal- 
mischen Linse geblasen wird. 

55 

15. Verfahren nach einem der Anspruche 1-14, worin das zwischen die Elektroden der Plasmaerzeugungsvorrichtung 
eingebrachte Gas aus der aus Stickstoff, Sauerstoff, Helium, Neon, Argon und Gemischen davon bestehenden 
Gruppe ausgewahit ist. 
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16. Verfahren nach einem der Anspriiche 1-14, worin daszwischen die Elektroden der Plasmaerzeugungsvorrichtung 
eingebrachte Gas atmospharische Luft ist. 

17. Verfahren nach einem der Anspriiche 1-16, worin die ophthalmische Linse uber einen Zeitraum in einem Bereich 
zwischen 0,01 s und 1 80 s mit dem Plasma bestrahlt wird. 

18. Verfahren nach einem der Anspriiche 1-17, worin die ophthalmische Linse eine Kontaktlinse ist. 

19. Verfahren nach einem der Anspriiche 1 - 13 und 15 - 18, worin die ophthalmische Linse in einer Formhohlung, die 
durch und zwischen zwei Formen einer Formanordnung definiert ist, ausgebildet wird, und das Plasma auf eine 
der einander gegenuberliegenden Oberflachen der ophthalmischen Linse geblasen wird, wahrend diese von einer 
der beiden Formen, die voneinander getrennt worden sind, gehalten wird, so dass die eine der einander gegen- 
uberliegenden Oberflachen der ophthalmischen Linse, die aus der anderen der beiden Formen entfernt worden 
ist, mit dem Plasma bestrahlt wird. 

20. Verfahren nach einem der Anspriiche 1-19, worin das Plasma durch eine Glimmentladung erzeugt wird. 

21. Verfahren nach einem der Anspriiche 1 - 20, worin die Oberflache der ophthalmischen Linse durch Bestrahlung 
mit dem Plasma sterilisiert wird. 

22. Verfahren nach einem der Anspriiche 1 - 21 , worin das Gas zwischen die Elektroden der Plasmaerzeugungsvor- 
richtung eingefuhrt wird, nachdem das Gas mit Wasserstoffperoxidwasser in Kontakt gebracht worden ist. 



Revendications 

1 . Precede pour modifier une surface d'une lentille ophtalmique, comprenant les etapes consistant a : 

produire du plasma a une pression atmospherique entre des electrodes (1 4, 1 6) d'un dispositif generateur de 
plasma (10, 12); et 

souffler ledit plasma dudit dispositif generateur de plasma en introduisant un gaz entre lesdites electrodes de 
maniere a irradier ladite lentille ophtalmique situee a I'exterieur dudit dispositif generateur de plasma, ledit 
plasma etant souffle hors dudit dispositif generateur de plasma pour modifier la surface de ladite lentille oph- 
talmique. 

2. Procede selon la revendication 1 , comprenant en outre I'etape consistant a interposer un element de controle de 
plasma (50, 60) entre ladite lentille ophtalmique et ledit dispositif generateur de plasma, et ou ledit plasma est 
souffle sur ladite lentille ophtalmique a travers au moins une ouverture (54, 64) dudit element de controle de plasma. 

3. Procede selon la revendication 2, ou ledit element de controle de plasma possede une matrice d'une multiplicite 
d'ouvertures (54, 64). 

4. Procede selon la revendication 2 ou 3, ou ledit element de controle de plasma est un reseau (60) qui possede une 
matrice d'une multiplicite d'ouvertures (64). 

5. Procede selon la revendication 2 ou 3, ou ledit element de controle de plasma est un element plan (50) qui presente 
une matrice de perforations (54) formee a travers I'epaisseur de I'element plan (50). 

6. Procede selon la revendication 4, ou chacune de la multiplicite d'ouvertures dudit reseau a une taille de 0,3-1 5mm. 

7. Procede selon la revendication 4 ou 6, ou ledit reseau est un treillis en fil constitue de plusieurs fils, chacun de la 
plurality de fils ayant un diametre de 0,1 -3mm. 

8. Procede selon la revendication 5, ou ledit element plan presente une proportion d'ouvertures de 15-70%. 

9. Procede selon la revendication 5 ou 8, ou ledit element plan est un element de feuille presentant des perforations 
formees par poinconnage, ledit element de feuille ayant une epaisseur dans la plage de 0,1~3mm. 
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1 0. Procede selon Tune des revendications 1 a 9, ou ladite etape de souff lage dudit plasma est effectuee sur au moins 
une lentille ophtalmique pendant que ladite au moins une lentille ophtalmlque est deplac6e relativement audit 
dispositif generateur de plasma par un convoyeur (32, 66). 

5 11. Procede selon Tune des revendications 1 a 10, ou ladite etape de soufflage dudit plasma est effectuee pendant 
que ladite lentille ophtalmique est retenue par un support de lentille flexible. 

12. Proc6de selon Tune des revendications 1 a 11, ou ledit plasma est souffle dudit dispositif generateur de plasma 
dans une direction qui est perpendiculaire a un axe optique de ladite lentille ophtalmique de telle sorte que ledit 

10 plasma s'ecoule lateralement de ladite lentille ophtalmique. 

13. Proc6de selon Tune des revendications 1 a 11, ou ledit plasma est souffle sur Tune des surfaces opposees de 
ladite lentille ophtalmique dans une direction parallele a un axe optique de ladite lentille ophtalmique. 

is 14. Procede selon Tune des revendications 1 a 11 et 13, ou ledit plasma est souffle sur les surfaces opposees de 
ladite lentille ophtalmique dans des directions opposees qui sont paralleles audit axe optique de ladite lentille 
ophtalmique. 

15. Procede selon Tune des revendications 1 a 14, ou ledit gaz introduit entre lesdites electrodes dudit dispositif ge- 
20 nerateur de plasma est selectionne dans le groupe constitue d'azote, d'oxygene, d'helium, de neon, d'argon et de 

melanges de ceux-ci. 

16. Procede selon Tune des revendications 1 a 14, ou ledit gaz introduit entre lesdites electrodes dudit dispositif ge- 
nerateur de plasma est de I'air atmospherique. 

25 

17. Procede selon I'une des revendications 1 a 1 6, ou ladite lentille ophtalmique est irradiee avec ledit plasma pendant 
une periode de temps dans une plage entre 0,01 seconde et 180 secondes. 

18. Procede selon I'une des revendications 1 a 17, ou ladite lentille ophtalmique est un verre de contact. 

30 

19. Procede selon I'une des revendications 1 a 13 et 15 a 18, ou ladite lentille ophtalmique est realisee dans une 
cavite de moulage definie par et entre deux moules d'un ensemble de moulage, et ledit plasma est souffle sur une 
des surfaces opposees de ladite lentille ophtalmique pendant qu'elle est retenue par Tun desdits deux moules qui 
ont et6 separ6s I'un de I'autre de telle sorte que celle des surfaces opposees de la lentille ophtalmique qui a et6 

35 eloigned de I'autre desdits deux moules est irradtee avec ledit plasma. 

20. Procede selon I'une des revendications 1 a 19, ou ledit plasma est produit par decharge luminescente. 

21. Procede selon I'une des revendications 1 a 20, ou la surface de ladite lentille ophtalmique est sterilisee par I'irra- 
40 diation dudit plasma. 

22. Procede selon I'une des revendications 1 a 21 . ou ledit gaz est introduit entre lesdites electrodes dudit dispositif 
generateur de plasma apres que ledit gaz a ete en contact avec de I'eau a peroxyde d'hydrogene. 

45 
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FIG. 3 
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FIG. 7A 
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FIG. 7B 
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FIG. 10 
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